When dispersed in a synthetic polyalphaolefin (PAO) base oil, inorganic fullerene-like (IF-MS 2 ) nanoparticles of metal dichalcogenides (IF-MoS 2 , IF-WS 2 , IF-NbS 2 ) lead to a significant reduction of both friction and wear under boundary lubrication. The effect of the contact pressure on the tribological properties of IF nanoparticles is particularly interesting. Results show that the higher is the pressure, the lower is the friction coefficient.
INTRODUCTION
Today, additives used as friction modifiers and antiwear agents are mainly organic compounds containing sulphur and phosphorous. Basically, their lubrication mechanism depends on chemical reactions, leading to the formation of some harmful compounds (radicals for example). Friction reducing properties of MoDTC have been attributed to the generation of pristine MoS 2 single sheets directly in the contact area [1] . A way to replace this additive would be to find another product which is able to produce such MS 2 sheets.
Because of their unique and spheroidal morphology, fullerene-like nanoparticles of MS 2 compounds were first thought to present interesting tribological properties because of their possible rotation ability like tiny ball bearings [2] . This is not likely with the corresponding layered structure of these compounds. Moreover, their nanometric size allows them to enter easily into the contact area. Their structure, without dangling bonds, confers them a chemical inertness. Later, it was observed by TEM that most of the IF nanoparticles are actually strongly modified under the pressure and shear in the lubricated test. Ultimately, they generate MS 2 sheets with layered structure [3, 4] .
Here, first we compare the tribological properties of different kinds of Inorganic fullerene-like nanoparticles (IF-WS 2 , IF-NbS 2 and IF-MoS 2 ) as additives dispersed in a PAO base oil. Second, we show new approaches (Diamond Anvil Cell and in-situ Raman spectroscopy) that can give valuable information to better understand the mechanism by which IF nanoparticles deliver the active species. This mechanism, based on the formation of MS 2 sheets [3, 4] , can be compared with a "drug delivery mechanism" , a well known mechanism in pharmacology. 2 were synthesized according to [5] and [6] , respectively. IF-WS 2 was supplied by Nanomaterial, Ltd (www.apnano.com). 
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Inorganic fullerene-like nanoparticles were ultrasonically dispersed at various concentrations in the synthetic poly-alphaolefin (PAO) base oil. No dispersant was used in these formulations in order to avoid any chemical interactions. Tribological tests are performed using a reciprocating pin-onflat tribometer. Friction pairs are made of AISI 52100 steel. A droplet of the fresh dispersion is deposited on the flat just before starting experiments. The temperature of the test is set to ambient temperature.
FRICTION RESULTS AND TEM ANALYSES
The study of the size distribution of each sample was carried out by TEM on 200 nanoparticles. TEM observations were performed on wear particles collected directly on the pin wear scar after experiments. They show that many IF nanoparticles are broken up and reduced to stacks of MS 2 sheets, which are not present in the pristine material (Fig.1) . In the case of IF-MoS 2 and IF-WS 2 , some of these sheets are in incommensurate conditions. In Figure 1 (bottom), the angle between the two sheets is about 30°.
RAMAN TRIBOMETRY
Raman spectroscopy is a very useful analytical tool for distinguishing the fullerene-like and the lamellar structure of metal dichalcogenides. In Figure 2 , it is observed that the two peaks characteristic of the lamellar structure (E 1 2g and A 1g modes) are shifted and modified in the fullerene-like structure. is similar to the one of the pristine material. Then, the data show that pure hydrostatic pressure is not sufficient to break up the IF structure and to form MS 2 sheets. These experiments were also found very useful for determining the relationship between the Raman shift of the characteristic peaks and the pressure. This Raman shift was then used to measure the pressure inside particles trapped in the contact area during the friction test.
Importantly, in performing in situ Raman spectroscopy in a static sphere on plane contact experiment (by using a sapphire disk), Raman spectra clearly show the broken up of IF nanoparticles and the appearance of 2H-WS 2 . This observation proves that MS 2 sheets are formed early-on at the very beginning of the friction test. We think that this can well explain why IF particles are so efficient at ambient temperature.
